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Abstract. We report optical, soft X-ray, and UV observations
of the peculiar Seyfert galaxy IC 3599 using data obtained with
ROSAT and IUE. Most remarkably, we discovered a rapid de-
crease of the X-ray flux by a factor of about 100 within one year
and a more gradual decrease thereafter. The X-ray spectrum of
IC3599 was soft at flux maximum and became even softer as
the flux decreased. Simultaneously with the late decrease of the
X-ray flux, we observed a decrease in the strength of highly
ionized optical iron lines. We discuss several explanations for
this behaviour including an accretion disk instability and tidal
disruption of a star orbiting a central massive black hole.
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1. Introduction
The ROSAT All-Sky Survey (RASS, Voges 1992) has led to
the discovery of numerous AGN with very soft X-ray spectra
(Thomas et al. 1992, Walter and Fink 1993). While some of
the sources are well-known from previous X-ray experiments
and from their appearance in other wavelength bands, others
are optically faint and inconspicuous. The fact that virtually
unkown galaxies are among the bright soft RASS sources and
proved to be faint in follow-up ROSAT observations indicates
the importance of large-amplitude X-ray variability in some
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AGN. In fact, variability over a wide range of time scales is
common in AGN (e.g., Miller & Wiita 1991), but amplitudes
reaching a factor of 100 as reported here have not been observed
before the RASS. Yaqoob et al. (1994) discovered a change in
the soft X-ray luminosity of PG 1211+143 by a factor of  16
and could rule out variable cold or warm absorbers as the origin
of the variability. Most probably, the variability of that source is
intrinsic to the central source. The latter could be an accretion
disk surrounding a massive black hole (Shakura & Sunyaev
1973), but the most simple-disk models fail if confronted with
the results of recent multi-wavelength monitoring of selected
AGN (e.g., Clavel et al. 1991, Walter & Courvoisier 1990).
More recent models of accretion disks taking into account X-
ray irradiation can possibly alleviate the problem (e.g., Ross &
Fabian 1993, Mannheim 1995).
IC 3599 = Zw159-34 is a nearby active galaxy (z = 0.021,
V = 15.7) in the outskirts of the Coma cluster of galaxies
(Tifft & Gregory 1973, Kent & Gunn 1982) with optical po-
sition as given in Table 1. The host galaxy has an extent of
 2000 diameter and was classified as SOpec by Tifft & Gre-
gory. IC3599 was discovered in the RASS with the X-ray tele-
scope as RX J1237.6+2542, with the wide-field camera as RE
J1237+264 (Pounds et al. 1993), and in the optical Hamburg
Survey (Bade et al. 1995). IC3599 was not previously seen as
an X-ray source; in particular, it was not detected in the HEAO-
1 A-2 soft X-ray survey (Nugent at al. 1983) with a limiting
sensitivity at this position of 3 10 14 W m 2.
Table 1. Optical and X-ray positions of IC3599 = Zw159-34.
Range 2000 2000
Optical 12h37m41:s2 26 420 2700
ROSAT survey 12h37m40:s9 26 420 2400
ROSAT pointed 1992 12h37m40:s7 26 420 2500
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Fig. 1. Temporal evolution of the countrate and hardness ratio of IC
3599. The first data point is from the RASS, the remaining ones from
pointed ROSAT observations.
2. Observations and results
2.1. ROSAT–PSPC observations
Countrates and Hardness ratios: IC 3599 was one of the bright-
est AGN in the RASS. During the 2-day RASS coverage on
10/11 December 1990, it was detected with a mean countrate of
3.6 cts s 1 with no significant variability. With the vignetting
correction, the on-axis countrate becomes 4:9  0:1 cts s 1.
IC3599 was unusually soft for an AGN with a hardness ratio
HR = hard softhard+soft =  0:550:02, with soft and hard countrates in
the energy bands 0.1 - 0.4 keV and 0.4 - 2.4 keV, respectively.
In order to reduce the errors in the X-ray position derived
from the RASS observation, we re-analysed the survey data by
using only the photons with energies larger than 0.4 keV and
selecting only times when the source appeared in the central
part of the detector (15 arcmin radius) where the blurring due to
the imaging errors of the telescope are minimal. Our experience
is that the survey positions for bright sources are typically bet-
ter than 1000. The excellent positional agreement with IC3599
leaves no doubt that the intense X-ray emission was associated
with this galaxy.
In addition to the survey data and our own pointed observa-
tions of June 1992 and June 1993, we used a short pointed ob-
servation of December 1991 retrieved from the ROSAT Public
Archive. The temporal evolution of the countrate and hardness
ratio are shown in Fig. 1. The countrate decreases by a factor
of  80 from the RASS observation to that of December 1991
with 0.064 cts s 1. The decrease continues during June 1992
(0.043 cts s 1) and June 1993 (0.023 cts s 1) and a correlated
decrease of the hardness ratio is observed. Since the flux ob-
Table 2. Parameters of the spectral fits to the X-ray spectra of IC3599
using NH = NH;gal . The unabsorbed flux FE in the ROSAT-PSPC
band (0.1-2.4 keV) is given in units of 10 16 W m 2 and the blackbody
temperature kT in eV.
RASS 1991.9 1992.5 1993.5
Power law
E 2.1 3.3 2.3 3.1
FE;pl 631 12.6 8.5 4.3

2
= 135/43 25/11 15/13 6/5
Blackbody
kT 94 65 80 62
FE;bb 530 6.3 5.8 2.2

2
= 75/43 15/11 30/13 4/5
Power law plus blackbody
E 1.0 (fix)   1.0 (fix)  
FE;pl 55   1.6  
kT 91   65  
FE;bb 480   4.5  
FE;sum 535   6.1  

2
= 59/42   12/12  
served during the RASS exceeds the limit from the HEAO-1
survey we interprete the observed decline as the later part of an
outburst.
PSPC spectra: Spectral fits for the energy range 0.1 - 2.4 keV
were performed for a variety of spectral models. We used a
power-law with energy spectral index E, a blackbody, and
a combination of both, absorbed by a column density NH of
cold material of solar abundance. NH was fixed at the galactic
valueNH;gal = 1:3 1020 cm 2 (Dickey & Lockman 1990). The
blackbody is taken to represent the Wien part of any optically
thick thermal emitter, although we realize that this part of the
spectrum may deviate from a blackbody. The ROSAT PSPC,
however, is not sensitive to subtle spectral differences. Table
2 summarizes the results of the spectral fitting. The energy
fluxes in the ROSAT band are seen to be rather independent
of the spectral model. With z = 0:021 and Ho = 75 km s 1,
the implied X-ray luminosity during the RASS is 5 1036 W. It
decreases to  6 1034 W in 1991 and  3 1034 W in 1993. The
bolometric corrections are uncertain, but would be small for a
blackbody-like spectrum.
2.2. Optical, UV and IR observations
IC 3599 was observed in February 1992 with the 2.2m telescope
at Calar Alto/Spain, in February 1993 with the 3.5m telescope
at Calar Alto, and in March 1994 and March 1995 with the
2.1m telescope at the McDonald Observatory/Texas with spec-
tral resolutions of 8, 8, 4, and 9 A˚ FWHM, respectively, and
with slit widths between 1.1 and 2.000 (Fig. 2). All observa-
tions show a spectrum with narrow Balmer and Helium lines,
as well as forbidden lines of oxygen, nitrogen, sulphor, and iron
(Tab. 3). The underlying continuum is mostly that of the host
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Fig. 2. Optical spectra of IC 3599. The spectra are plotted with offsets 10, 20, and 30 with respect to the 1992 spectrum.
galaxy with Ca H+K and Na D in absorption. The FWHM of
the Balmer and [OIII] lines corrected for the instrumental res-
olution are 600 and 200 km s 1 respectively, in 1992 and 300
and 200 km s 1 in 1995, with errors not exceeding 100 km s 1.
The widths of the well-detected iron lines are 500 km s 1. In
1995, the diagnostic line ratios, log([OIII]5007/H)' 0:53
and log([NII]6583/H) '  0:50, place IC3599 close to the
border-line between Seyfert 2 and HII-galaxies in the diag-
nostic diagrams of Veilleux and Osterbrock (1987). The X-ray
outburst and the presence of the highly ionized iron lines ar-
gue for the presence of an active nucleus. We prefer, therefore,
a Seyfert 2 classification. In 1992, fairly strong [OI]6300,
6364, [FeVII]5721,6087 and [FeX]6375 emission lines
were present, which are of lower intensity or even absent in
the later years. The rest wavelength of the well-defined 1992
[OI]+[FeX] feature was 6375 A˚ while that of the very weak
1995 feature was 6369 A˚ , indicating a decrease of the [FeX]
flux by a factor of >

5 (Tab. 3). [OIII]4363 seems to be de-
tected and to be unusually strong, a result that requires a separate
discussion.
A 170 min exposure of IC 3599 was obtained with the IUE-
satellite simultaneously with ROSAT on June 18, 1992. The
resulting spectrum shows only a weak continuum and emission
of L. The continuum flux F

is roughly constant from the
optical to the UV. With the IRAS-satellite only weak emission
at 60 m was detected. The ADDSCAN procedure of the IPAC
yields F60 = 0.11 Jy.
Table 3. Intensities of emission lines in the 1992   1995 spectra of
IC3599. Values are given in units of 2:2 10 19 W m 2: 1)
1992.1 1993.1 1994.2 1995.2
HeII4686 16 8 8 8 12 6 16 3
H 35 8 35 8 33 6 29 3
[OIII]4959 36 8 37 8 37 6 40 3
[OIII]5007 100 100 100 100
[FeVII]5721 10 2 5 2 5 2 3  1
[FeVII]6087 12 2 6 2 — 7  2
[OI]6300 11 3 4 2 — 5  2
[OI]6364
[FeX]6375
o
13 2 3 2
—
2  1
H 219 23 135 16 — 152 18
[NII]6584 46 11 45 13 — 48 9
1) Observed 1992 and 1993 intensities were multiplied by factors of
1.22 and 0.86, respectively, to adjust to an adopted constant
[OIII]5007 flux.
3. Discussion
IC 3599 was observed in the optical by Tifft and Gregory
(1973). Their spectrum shows strong [OII]3727, narrow H,
and [OIII]4959, 5007 emission lines, which are also found
in the spectra obtained by us some 20 years later. Following the
X-ray outburst observed during 1991 no convincing variation
of the optical continuum and [OIII] line flux was found during
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our follow-up observations between February 1992 and March
1995. However, we discovered a significant decrease of the flux
of [FeX]6375 and of [FeVII]5721,6086 by factors of >

5
and 2, respectively, along with a monotonic fading of the X-
ray flux. In addition, the Balmer line flux may be decreasing.
These findings suggest that the emission lines are due to pho-
toionization by a varying continuum. The characteristic radius
of the high-ionization iron line region implied by the light travel
time is of the order of R  1 lyr or less.
The interpretation of the high X-ray flux during the RASS
as an outburst rather than a short-term disappearance of an ab-
sorbing screen is strengthened by the over-all energetics, since
the luminosities radiated in the far-infrared, optical and UV
ranges are much less than the RASS luminosity. Reprocessing
of the X-rays by the absorbing gas would inevitably lead to
re-radiation in either of these frequency ranges. Thus, if the
thermal energy release corresponds to accretion onto a massive
black hole, the accretion rate must have undergone dramatic
changes to cause the outburst.
We can bracket the mass M of the putative black hole as-
suming that (i) the X-ray luminosity observed during the RASS
LRASS  5 1036 W does not exceed the Eddington luminos-
ity and (ii) the observed iron line width of 500 km s 1 cor-
responds to an average velocity greater than or equal to the
Keplerian velocity in the gravitational field of the black hole,
i.e. FWHM=2
p
ln 2 
p
GM=R. This yields a mass range of
0:4 <

m6 <

10
 
R=1 lyr

where m6 = M=106M. A rather
low mass m6  1 would be in agreement with the fact that the
X-ray observations are best explained by thermal spectra with
kT  60-100 eV.
One possibility to obtain a higher accretion rate for a short
period of time is a thermal (or other) instability in an accre-
tion disk (e.g., Honma et al. 1991). Disk instabilities have
been proposed as the origin of X-ray outbursts in accreting
binary stars but also to explain the optical/UV variations in
AGN (Siemiginowska & Czerny 1989). In its normal state, the
disk has a rather low viscosity until the instability is switched
on at a radius Rd and the disk attains a high-viscosity state.
In this state, matter is rapidly accreted leading to a high-
luminosity outburst which decays over the viscous time scale.
Adopting m6 = 1,  = 1, Lbol ' Lx;quiet ' 3 1034 W and
r = Rd=RG = 10 where RG = 1:5 109m6 m, the viscous time
scale tvisc /  4=5Lbol 3=10m3=26 r5=4 is of the order of  1
year (Frank et al. 1985). Thus, a very low value for the black
hole mass would be required by this mechanism.
Another possibility to feed the central engine at a high rate
for a short period of time is the tidal disruption of a star orbiting
near a supermassive black hole. The estimated timescale for
a single event where the debris of a star is swallowed by a
106 M

black hole is of the order of 1 year (Rees 1988). The
fading countrates during our pointed X-ray observations and
the decrease in iron line flux would indicate that the mass of
the disrupted star is used up, so that accretion settles to a lower
state.
Finally, we note that a single supernova outburst can not
account for the observed peak X-ray flux. Assuming that the
X-ray emission arises from the interaction of the ejected matter
with the dense (red-giant) wind, the X-ray luminosity scales as
Lx /
:
Mwind v
 1
wind T
3=2
x (e.g. Bregman & Pildis 1992). Given
the softness of the observed X-ray emission from IC3599, the
X-ray luminosity is limited to Lx < 1033 W. Clumpiness may
somewhat raise this limit.
Without detailed modelling, further conclusions are not pos-
sible at this stage. Nevertheless, it is clear that the ROSAT survey
with its snapshot views of the sky has given us the opportunity
to witness a very energetic moment in the life of an AGN, pro-
viding crucial information about the way in which the central
engine if fed.
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Note added in proof: After submission of this paper, we received a
preprint by Brandt et al. who performed a similar study starting from
the detection of IC3599 with the ROSAT-WFC. Their optical spectrum
is complementary to ours, being taken in May 1991, somewhat earlier
in the decline of the X-ray outburst. This spectrum shows Balmer and
forbidden iron lines roughly an order of magnitude more intense than
in our spectra, thus confirming our conclusionof optical line variability
of IC3599 as a consequence of the X-ray outburst.
References
Bade, N., Fink, H.H., Engels, D., et al., 1995, A&AS, in print
Bregman, J.N., Pildis, R.A., 1992, ApJ 398, L107
Clavel, J., et al., 1991, ApJ 366, 64
Czerny, B., ˇZycki, P.T., 1994, ApJ 431, L5
Dickey, J.M., and Lockman, F.J., 1990, ARAA 28, 215
Frank, J., King, A.R., Raine, D.J., 1985, Accretion Power in Astro-
physics, Cambridge University Press, p. 101
Honma, F., Matsumoto, R., Kato, S., 1991, PASJ 43, 147
Kent, S.M., and Gunn, J.E., 1982, AJ 87, 945
Mannheim, K., 1995, A&A 297, 321
Miller, H.R., Wiita, P.J. (eds.), 1991, Variability of active galactic
nuclei, Cambridge University Press
Nugent, J. J., et al., 1983, ApJ Suppl. 51, 1
Pounds, K.A., et al., 1993, MNRAS 260, 77
Rees, M.J., 1988, Nature 333, 523
Ross, R.R., Fabian, A.C., 1993, MNRAS, 261, 74
Shakura, N.I., and Sunyaev, R.A., 1973, A&A 24, 337
Siemiginowska, A., Czerny, B., 1989, MNRAS 239, 289
Tifft, W.G., and Gregory, S.A., 1973, ApJ 181, 15
Thomas, H.-C., Beuermann, K., Brinkmann, W., Fink, H.H., Voges,
W., 1992, MPE Report 235, 383
Veilleux, S., and Osterbrock, D.E., 1987, ApJ Suppl. 63, 295
Voges, W., 1992, Proc. European Int. Space Year Conf. ESA ISY-3,9
Walter, R., and Courvoisier, T.J.-L., 1990, A&A 233, 40
Walter, R., Fink, H.H. 1993, A&A 274, 105
Yaqoob, T., et al., 1994, PASJ 46, L173
This article was processed by the author using Springer-Verlag LaTEX
A&A style file L-AA version 3.
